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METHODS TO REDUCE ALKALI MATERIAL MIGRATION FROM NO x 
ADSORBER WASHCOAT TO CORDIERITE 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims the benefit of the filing date of U.S. 
Provisional Application Serial No. 09/483,639 filed on January 14, 2000, which 
is hereby incorporated by reference. ^ 

TECHNICAL FIELD 

The present disclosure relates to nitrogen oxide adsorption 
materials used in exhaust systems of internal combustion engines. 

BACKGROUND 

It is well known in the art to use catalyst compositions, including 
those commonly referred to as three-way conversion catalysts ("TWC 
catalysts") to treat the exhaust gases of internal combustion engines. Such 
catalysts, containing precious metals like platinum, palladium, and rhodium, 
have been found both to successfully promote the oxidation of unburned 
hydrocarbons (HC) and carbon monoxide (CO) and to promote the reduction of 
nitrogen oxides (NOx) in exhaust gas, provided that the engine is operated with 
an air/fuel ratio of nearly balanced stoichiometry for combustion ("combustion 
stoichiometry") (i.e., between about 14.7 and about 14.4) on a mass basis. 

To realize a benefit in fuel economy and reduce global CO2 
emissions it is desirable to operate the engine under lean-burn conditions, where 
the air-to-fuel ratio is somewhat greater than stoichiometric (i.e., greater than 
about 14.7 and generally between about 19 and about 55). When lean-burn 
conditions are employed, three-way catalysts are efficient in oxidizing the 
unburned hydrocarbons and carbon monoxide, but are inefficient in the 
reduction of nitrogen oxides. 



In order to improve nitrogen oxide reduction under lean-burn 
conditions, artisans have employed NO x adsorbers in combination with the 
three-way catalysts. In the adsorber, catalytic material acts first to oxidize NO x 
to N0 2 . N0 2 then reacts with the alkali and alkaline earth materials to form 
stable nitrate salts. In a gas mixture corresponding to stoichiometric combustion 
or a fuel rich environment, the nitrate is thermodynamically unstable, and the 
stored NO x is released for catalysis, whereupon NO x is reduced to N 2 gas. 

These NO x adsorbers generally comprise a catalytic metal, such 
as platinum, palladium, and/or rhodium, in combination with an alkali and/or 
alkaline earth element (e.g., barium (Ba), strontium (Sr), calcium (Ca), 
magnesium (Mg), and the like, as well as combinations comprising at least one 
of the foregoing), (hereinafter the "alkali material") loaded on a washcoat. The 
washcoat, which is a porous support material suitable for use in high 
temperature environments, typically comprises high surface area materials like 
alumina, gamma-alumina, zirconia, cerium oxide (ceria), stabilized cerium 
oxide and magnesium oxide, among others. 

For practical incorporation of the washcoat materials and the 
catalytic materials into internal combustion engine exhaust systems, the 
washcoat is, itself, deposited on a chemically stable and/or thermally insulating 
substrate material. Particularly useful washcoat substrate materials, include 
cordierite, mullite, metallic materials among others. These substrates are 
typically in the form of monolithic honeycomb structures, layered materials, or 
spun fibers, among other configurations. 

U.S. Patent No. 5,727,385 to Hepburn, which is herein 
incorporated by reference, discloses a NO x trap, comprising; (i) at least one 
precious metal, selected from platinum and palladium, loaded on a porous 
support; and (ii) at least one alkali or alkaline earth metal (a) loaded on a 
porous support or (b) present as an oxide thereof. Hepburn optionally includes a 
three-way catalyst located either between the two components or after the NO x 
trap material. 



The alkali materials, including potassium and sodium, are 
employed conventionally in NO x adsorbers because they function as NO x 
trapping components. However, they are mobile at high temperatures, 
particularly in the presence of steam. Thus, potassium and sodium, which are 
initially present on the NO x adsorber catalyst washcoat, migrate away from the 
adsorber catalyst washcoat and into the supporting substrate. 

This migration can be clearly seen with reference to Figures 2 
and 3 by comparison with Figure 1. Figure 1 shows the typical potassium (K) 
washcoat concentrations for a NO x adsorber catalyst washcoat relative to the 
monolith substrate material. Figure 2 shows the migration of potassium away 
from the washcoat into the monolith on aging of the NO x adsorber catalyst in a 
900 °C oven with air/H 2 0 for 16 hours. Figure 3 shows the migration of 
potassium away from the washcoat on aging of the NO x adsorber catalyst in 
engine exhaust at 750 °C for 40 hours. Consequently, substantial migration of 
potassium occurs at the adsorber catalyst on aging under typical operational 
conditions. 

Table 1 further defines the temperature effects on the migration 
of potassium from the adsorber washcoat to the substrate. Table 1 establishes 
the relative distributions of potassium on the catalyst washcoat and on the 
substrate as a function of the temperature of hydrothermal aging as analyzed by 
an electron microprobe. 




TABLE 1 



Hydrothermal aging 
Temperature (°C) 


% K remaining on 
washcoat 


% K migration to 
substrate 


No aging (Fresh) 


99 


1 


600 


72 


28 


700 


70 


30 


800 


63 


37 


900 


42 


58 


1000 


30 


70 



As indicated by Table 1 , higher temperature promotes more 
aggressive migration of potassium away from the active washcoat, thus reducing 
5 the NO x adsorptive properties of the washcoat materials. 

Deleterious effects of alkali material migration further include an 
increase in the elastic modulus (stiffness) and a change in the substrate 
coefficient of thermal expansion (CTE), both caused by the chemical reaction of 
the alkali materials with the substrate material. The effect of the changed 

1 0 coefficient of thermal expansion and increased elastic modulus is to make the 
cordierite or other substrate, and consequently the catalyst, more susceptible to 
thermal cracking during changes in temperature, especially during rapid 
temperature changes. For additional information, reference is made to SAE 
publication number 99013500, Mechanical Durability of Cordierite-Based NO x 

1 5 Adsorber/Catalyst Systems for Lean-Burn Gasoline Applications, by Day, J ay 
Paul and Cutler, Willard. 
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What is needed in the art is a NOx adsorber having improved 
mechanical durability particularly over high thermal transient. 

SUMMARY 

The above-described and other disadvantages of the prior art are 
5 overcome by the exhaust gas catalyst system and the method of reducing alkali 
material migration. The system comprises: a substrate and a nitrogen oxide 
adsorber deposited on said substrate. The nitrogen oxide adsorber comprises a 
porous support and a material loaded on the porous support. The porous 
support comprises: a NO oxidation catalyst; at least one alkali material; and at 
10 least one alkali metal barrier. 

Alternatively, the system comprises a substrate, an alkali metal 
barrier layer deposited on the substrate, and a nitrogen oxide adsorber deposited 
on the alkali metal barrier layer. The nitrogen oxide adsorber comprises a 
porous support and a material loaded on the porous support comprising a NO 
1 5 oxidation catalyst and at least one alkali material. 

The method of reducing alkali material migration comprises: 
depositing an alkali metal barrier layer and a nitrogen oxide adsorber 
composition on a substrate. The nitrogen oxide adsorber comprises a material 
loaded on a porous support, with the material comprising a NO oxidation 
20 catalyst and at least one alkali material. 

Alternatively, The method of reducing alkali material migration 
comprises depositing a nitrogen oxide adsorber composition on a substrate. The 
composition comprises a material loaded on a porous support, with the material 
comprising: a NO oxidation catalyst, at least one alkali material, and at least 
25 one alkali metal barrier. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Referring now to the drawings, which are meant to be exemplary, 
not limiting, and wherein like elements are numbered alike in several Figures. 

Figure 1 shows the typical potassium concentrations for a NOx 
5 adsorber catalyst washcoat relative to the monolith substrate materials. 

Figure 2 shows the migration of potassium away from the 
washcoat into the monolith on aging of the NOx adsorber catalyst in a 900 °C 
oven with slit/HjO for 16 hours. 

Figure 3 shows the migration of potassium away from the 
10 washcoat on aging of the NOx adsorber catalyst in engine exhaust at 750 °C for 
40 hours. 

Figure 4 shows an exemplary loading strategy, whereby alkali 
metal barrier is loaded uniformly into the washcoat material. 

Figure 5 shows an alternate exemplary loading strategy, whereby 
1 5 alkali metal barrier is formed as a layer between the washcoat materials and the 
monolith substrate. 

Figure 6 is a graphical representation showing the migration of 
alkali materials on a prior art NO x adsorber, aged at 900 °C for 1 6 hours in air 
and water. 

20 Figure 7 is a graphical representation showing prevented 

migration of alkali materials on a NOx adsorber, using the barrier coating 
embodiment, aged at 900 °C for 16 hours in air and water. 

Figure 8 is a graphical representation showing the potassium 
migration for a material with no barrier coating. 
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Figure 9 is a graphical representation showing the potassium 
migration for a material with a barrier coating. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

The NO x absorber washcoat (NO x washcoat) inhibits alkali 
5 material migration into the supporting substrate. The NO x washcoat comprises 
a NO oxidation catalyst, at least one alkali material, and at least one alkali metal 
barrier. This NO x washcoat is preferably loaded onto a porous support, and 
deposited on a supporting substrate, such as ceramic. During use, the washcoat 
prevents thermodynamically driven migration of alkali materials into the 
10 supporting substrate. Preferably, the NO x washcoat establishes a barrier 
preventing alkali material migration out of the porous support. 

Alkali material migration occurs principally because alkali 
materials become mobile when subjected to steam and elevated temperatures. 
The mobile alkali materials (e.g., sodium (Na), potassium (K), cesium (Cs), 
15 rubidium (Rb), lithium (Li), among others and mixtures comprising at least one 
of the foregoing) which are attracted to the silica (Si0 2 ) commonly found in the 
supporting substrate, react with the silica to form stable silicates. Exemplary 
reactions include: 

Na 2 C0 3 + Si0 2 -> Na 2 Si0 4 + C0 2 T, (AG°<0 at above 470°C) (1) 

20 K 2 C0 3 + Si0 2 -» K 2 Si0 4 + C0 2 t, (AG°<0 at above 330 °C) (2) 

Na 2 AI 2 0 4 + Si0 2 -» Na 2 Si0 4 + A1 2 0 3 , (AG°<0) (3) 

These reactions support the fact that once alkali materials are 
mobile, migration of alkali materials, specifically sodium and potassium, into 
the silica component a of ceramic substrate is driven even at operating 
25 temperatures expected for NOx adsorber applications. 

In order to inhibit migration of the alkali materials into the 
supporting substrate and preferably to prevent migration out of the NO x 
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washcoat, an alkali metal barrier is incorporated into the washcoat and/or 
employed as a barrier between the washcoat and the supporting substrate. 

Possible alkali metal barrier which trap and/or block alkali 
material migration into the supporting substrate include alkali metal barriers, 
5 preferably early transition metal oxides, and more preferably zirconia (Zr02), 
titania (TiCh), ferric oxide (Fe 2 C>3), silica (Si02), cordierite, mullite, tin oxide 
(SnC^), ceria (Ce0 2 ), manganese oxide (Mn02), vanadium oxide (V2O5), 
chromium oxide (O2O3), hafnium oxide (H1O2), molybdenum oxide (M0O3), 
tungsten oxide (WO3), alpha- alumina, and the like, and mixtures including at 

10 least one of these oxides. Optionally, these alkali metal barriers can be 

supported on alumina or another material. Typically, the alkali metal barriers 
are deposited/dispersed on the alumina by an impregnation process of soluble 
precursor solutions followed by calcination to transform precursor salt into their 
oxide forms. Not to be limited by theory, it is believed that inclusion of the 

1 5 alkali metal barrier causes the formation of alkali metal oxide salts within the 
washcoat, effectively reducing the thermodynamic migration of alkali materials 
into the substrate. 

Generally a sufficient amount of alkali metal barrier is employed 
to substantially inhibit alkali material migration into the supporting substrate. 

20 There are no real limits for the amount of alkali metal barrier that can be loaded 
onto the washcoat. The bounds of the alkali metal barrier concentration range 
from an upper amount which would substantially adversely affect NO x catalyst 
loadings and cost factors, to a lower limit which does not sufficiently inhibit 
alkali material migration. If the alkali metal barrier is incorporated into the 

25 washcoat, preferably the alkali metal barrier concentration will approach or 

exceed the stoichiometric loadings for the particular alkali metal barrier, alkali 
materials, and operating conditions. Though there are no upper or lower limits 
on alkali metal barrier loadings, generally, for most exhaust system nitrogen 
oxide applications, the alkali metal barrier loading is preferably up to about 2 

30 grams per cubic inch (g/in 3 ) or more, with up to about 0.35 g/in 3 particularly 
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preferred, up to about 0.25 g/in 3 more preferred, and about 0.05 g/in 3 to about 
0.20 g/in 3 especially preferred. 

Alternatively, if the alkali metal barrier is employed as a layer 
between the washcoat and supporting substrate, the alkali metal barrier could 
5 comprise a film thickness ranging from an atomic film (i.e., a film whose 

thickness is in the order of a few atoms thick) sufficiently thick to substantially 
seal the surface of the supporting substrate up to several microns thick (e.g., 
up to or exceeding about IOOjj.). The lower limit would be a function of an 
ability to apply film and the film's ability to block alkali material migration, 
10 while the upper limit would relate to the barrier film's effects on the catalyst 

loading. It should be noted that a combination of a alkali metal barrier layer and 
alkali metal barrier in the washcoat can be employed. 

Formation of the washcoat proceeds by any means known in the 
art, except that one or more alkali metal barriers is added to the washcoat or 

15 coated onto the substrate prior to the washcoat. For example U.S. Patent No. 
5,727,385 to Hepburn describes a technique whereby a loading of about 0.2 to 
about 5 weight percent (wt%) of precious metal catalyst, preferably between 
about 0.5 and about 2 weight percent, is employed, the particular loading 
selected being based on the support on which it is loaded. Also included is a 

20 loading of about 2 to about 30 weight percent catalyst selected from alkali 

materials, preferably between about 5 and about 15 percent, is employed, again 
based on the type of support on which it is loaded. 

Suitable porous support (washcoat) materials include those 
materials suitable for use in high temperature environments such as those found 

25 in exhaust streams (up to and above 1,000 °C). Such materials comprise high 
surface area materials like alumina, gamma-alumina, delta-alumina, zeolite, 
zirconia, theta-alumina, cerium oxide (ceria), magnesium oxide, titania, silica, 
and combinations comprising at least one of these materials, among others. 
Desirably, the support material has a surface area up to or exceeding about 300 

30 square meters per gram (m /g). 

9 
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The washcoat will, itself, be typically carried on a high 
temperature, insulating material ("supporting substrate"). Particularly useful 
support materials for washcoats which are stable in high temperatures include 
ceramics, cordierite and mullite, among others. This supporting substrate, 
5 which may be in any known or commonly employed configuration, is typically 
formed as a monolithic honeycomb structure, layered materials, or spun fibers, 
among other configurations. 

The washcoat, catalytic materials, and alkali metal barrier(s) may 
be applied to the supporting substrate either as a mixture or sequentially, where 

10 the alkali metal barrier(s) is first disposed on/into the supporting substrate and 
the catalytic materials, alkali materials, and washcoat are then deposited 
thereon. There are numerous suitable techniques for application of the catalytic 
materials, alkali materials, and alkali metal barriers to the supporting substrate, 
including painting, dipping, imbibing, impregnation, and slurry deposition, 

15 among others. 

Figure 4 shows the former exemplary loading strategy, whereby 
alkali metal barrier is loaded uniformly into the washcoat material slurry as a 
mixture and laid down on the monolith structure. Figure 5 shows an alternate 
exemplary loading strategy, whereby alkali metal barrier is formed as a layer 
20 between the washcoat materials and the supporting substrate. 

As mentioned above, the mechanics of formation may follow any 
solution mechanism as is commonly known in the art. For example, the 
washcoat material can be impregnated with soluble precursors of the catalytic 
materials, alkali materials, and alkali metal barriers, whereupon the washcoat is 
25 dried and calcinated. Impregnation may occur in any order, for example as a 
catalyst solution, followed by an alkali metal barrier precursor solution, 
followed by an alkali solution, or it may occur as a single step. 

However, it should be noted that where impregnation occurs in 
multiple steps, it is generally preferred to apply the alkali solution subsequent to 
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the alkali metal barrier solution to prevent alkali materials from becoming 
soluble in the aqueous alkali metal barrier precursor solution. Deposition 
techniques are well known in the art and selection of any number of techniques 
and materials can be made to suit the particular materials and circumstances. 



5 The following examples are illustrative and not intended as 

limiting, and the Table is intended to define the mixed oxides A, B, and C 
utilized in the Examples. 



TABLE 

Zr02/Ce0 2 /La 2 03 Mixed Oxides 


Mixed Oxide 


Zr (wt%) 


Ce (wt%) 


La (wt%) 


A 


18.51 


61.05 


1.7 


B 


61.88 


11.81 


1.62 


C 


45.83 


23.447 


7.93 



EXAMPLES 

10 Example 1. NOx adsorber catalyst (no barrier coating; see Figure 6) 

Washcoat layer #1 . 1200.2g of platinum (Pt) nitrate solution 
(10.05 wt%) was diluted with de-ionized water (H 2 0). Then 944.2g of mixed 
oxide-A was added to the solution and allowed to mix for 1 hour (hr) before 
adding 8185g of a powder containing 19.1 wt% of Ba on a theta alumina to 
15 form a slurry. The slurry pH is adjusted to 6.44 using acetic acid. It was then 
milled to suitable particle sizes and coated onto ceramic substrates. Excess 
slurry was removed by pressurized air or vacuum. The coated catalysts (i.e., 
coated substrates) were dried and calcined. 

Washcoat layer #2. 517. 7g of palladium nitrate solution (10.01 
20 wt% Pd) is diluted with de-ionized H 2 0 before adding 1572g of a stabilized 

11 




alumina to form a slurry. After the slurry was mixed for 30 minutes (min), 528g 
mixed oxide-B was added. The resulting slurry was milled to required particle 
sizes and coated on the catalysts containing washcoat layered #1. Excess slurry 
was removed by pressurized air or vacuum, and further dried and calcined. 
5 Rhodium (Rh) was coated on the catalyst using a post impregnation method 
followed by calcination. Finally, the potassium acetate solution was applied to 
the catalyst and the catalyst was calcined. 

Example 2. NOx adsorber catalyst (no barrier coating) 

Washcoat layer #1 . 190.6g of platinum nitrate solution (27.84 
1 0 wt% Pt) is diluted with de-ionized H 2 0. 98 1 .7g mixed oxide-C was added to 
the solution and allowed to mix for 1 hr prior to adding 7062.2g of theta 
alumina. The resulting slurry was milled to suitable particle size then coated 
onto ceramic substrates. Excess slurry was removed by pressurized air or 
vacuum. The coated catalysts were dried and calcined. 

1 5 Washcoat layer #2. 1 34.5 g of platinum nitrate containing 

(27.84 wt% Pt) is diluted with de-ionized H 2 0. 694.2g of mixed oxide-C was 
added to the solution and allowed to mix for 1 hr which yielded slurry "A". 
207. 6g palladium (Pd) nitrate( 1 5 .48 wt% Pd) was also diluted with de-ionized 
H 2 0. 2776.8g of stabilized alumina was added to the solution and mixed for 30 

20 min to yield slurry "B". The two slurries "A" and "B" were combined and the 
combined slurry milled to suitable particle sizes and coated on ceramic 
substrates. Excess slurry was removed by pressurized air or vacuum. The 
coated catalysts were dried and calcined. Rh was then coated on the catalyst 
using a post impregnation method followed by another calcination. Finally, Ba 

25 and K were coated with a solution containing Ba and K acetate of proper 
concentrations and dried and calcined. 

Example 3. NOx adsorber catalyst (No barrier coating) 

Washcoat layer #1. 378. 2g platinum nitrate solution (26.55 wt% 
Pt) was diluted with de-ionized H 2 0. 1 446.3 g mixed oxide-C was added to the 
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solution and allowed to mix for 1 hr to yield slurry **C". 469.2g palladium 
nitrate (14.27wt% Pd) was diluted with de-ionized H 2 0. 5013.7g stabilized 
alumina was added to the solution and mixed for 30 min to yield slurry "D". 
The two slurries "C" and "D" were combined and milled to suitable particle size 
5 then coated on ceramic substrates. Excess slurry was removed by pressurized 
air or vacuum. The coated catalysts were dried and calcined. 

Washcoat layer #2. 221.1% platinum nitrate solution (30.07 wt% 
Pt) was diluted with de-ionized H 2 0. 303. lg rhodium sulfite (5.02 wt% Rh) 
was added to the solution. Then 3418.4g of stabilized alumina and 986. lg of 
1 0 mixed oxide-C were added to the solution. The resulting slurry was milled to 
the suitable particle size and coated onto ceramic substrates. Excess slurry was 
removed by pressurized air or vacuum. Ba and K were applied by post 
impregnation of a Ba acetate and K acetate solution containing suitable 
concentrations, followed by calcinations of the impregnated substrates. 

1 5 Example 4. NOx adsorber of Example 1 (K trapping oxide in washcoat (WC)) 

Washcoat layer #1 . 649. 7g of platinum nitrate solution (13.01 
wt% Pt) was diluted with de-ionized H 2 0. 663. 8g of mixed oxide- A was added 
and allowed to mix for 1 hr. Then 5576g of powder containing 19.1 wt% of Ba 
and 175.2g of cordierite powder, was added to the above solution to form a 
20 slurry. The slurry pH was adjusted to 6.21 using acetic acid before milling the 
slurry to proper particle size suitable for catalyst coating. The slurry was then 
coated onto ceramic substrates with excess slurry removed by pressurized air or 
vacuum. The coated catalysts are then dried and calcined. 

Washcoat layer #2. 223.2 of palladium nitrate solution (15.48 
25 wt% Pd) was diluted with de-ionized H 2 0 before adding 1041.3g of a stabilized 
alumina. After the slurry was mixed for 30 min, 347. 3g mixed oxide-B and 
38.9g cordierite powder were added. The resulting slurry was then milled to a 
particle size suitable for catalyst coating. The slurry was then coated onto the 
calcined catalysts containing washcoat layer #1. Excess slurry was removed by 



13 




pressurized air or vacuum. The coated catalysts were further dried and calcined. 
Rh was then coated onto the calcined catalyst using a post impregnation method 
followed by calcination. Finally, the K acetate solution was applied to the 
catalyst and the catalyst was again calcined. 

Example 5. K trapping oxide in WC with increased loading 

Washcoat layer #1 . 1 86.35g of platinum nitrate solution (26.55 
wt% Pt) was diluted with de-ionized H2O. 440g of mixed oxide-A was added to 
the solution and allowed to mix for 1 hr before adding 2816.3g of a powder 
containing 19.1 wt% of Ba on a theta alumina and 726g of cordierite powder to 
form a slurry. The slurry pH is adjusted to 6.18 using acetic acid prior to 
milling the slurry to suitable particle size and coating ceramic substrates 
therewith. Excess slurry was removed by pressurized air or vacuum. The 
coated catalysts are then dried and calcined. 

Washcoat layer #2. 132.3g of palladium nitrate solution (14.27 
wt% Pd) was diluted with de-ionized H 2 0 before adding 569.0g of a stabilized 
alumina to form a slurry. After the slurry was mixed for 30 min, 189.7g mixed 
oxide-B and 132.8g cordierite powder were added. The resulting slurry was 
then milled to the desired particle size and coated onto the calcined catalysts 
containing washcoat layer #1 . Excess slurry was removed by pressurized air or 
vacuum. The coated catalysts were further dried and calcined. Rh was coated 
on the catalyst using a post impregnation method before subsequent calcination. 
Finally, the K acetate solution was applied to the catalyst. The catalyst was 
again calcined. 

Example 6. K trapping oxide as barrier coating; see Figure 7 

Barrier layer: 430.5g cordierite powder and 430. lg of theta 
alumina powder were added into de-ionized H 2 0 to form a slurry. The pH of 
the slurry was adjusted to 4.26 with nitric acid (HNO3), before milling the slurry 
to suitable particle sizes and applying it to the ceramic substrate. The substrate 
is then dried and calcined. 

14 



Washcoat layer #1 . 348. 7g of platinum nitrate solution (27.84 
wt%) was diluted with de- ionized H 2 0. Then 762.6g of mixed oxide-A was 
added and allowed to mix for 1 hr. Then 6405. 6g of powder containing 19.1 
wt% of Ba on a theta alumina was added to the above solution forming a slurry. 
The slurry pH was adjusted to 6.53 using acetic acid then milled to suitable 
particle size and coated onto ceramic substrates. Excess slurry was removed by 
pressurized air or vacuum. The coated catalysts were then dried and calcined. 

Washcoat layer #2. 21 1.4g of palladium nitrate solution (15.48 
wt% Pd) was diluted with de-ionized H 2 0, then 986. lg of a stabilized alumina 
is added to form a slurry. After the slurry is mixed for 30 min, 328. 7g of mixed 
oxide-B was added. The resulting slurry was then milled to required particle 
size and coated on the calcined catalysts containing washcoat layered #1. 
Excess slurry was removed by pressurized air or vacuum, then coated catalysts 
were further dried and calcined. Rh was then coated on the catalyst using a post 
impregnation method followed by calcination. Finally, the K acetate solution 
was applied to the catalyst then calcined. 

Example 7. Si0 2 as barrier coating 

Barrier layer: 841. 5g Si0 2 powder, 420.2g of theta alumina 
powder and 226.2g of Al-20 sol (contains 20.8 wt% solid A1 2 0 3 ) were added 
into de-ionized H 2 0 then milled to suitable particle sizes. The resulting slurry 
was applied to the ceramic substrate followed by drying and calcination. 

Washcoat layer #1 . 220.6g of platinum nitrate solution (30.07 
wt% platinum) was diluted with de-ionized H 2 0 before adding 1227. lg mixed 
oxide-C and mixing for 1 hr. Subsequently, 6994.7g of theta alumina was 
added. The resulting slurry was milled to suitable particle size and coated onto 
ceramic substrates. Excess slurry was removed by pressurized air or vacuum. 
The coated catalysts were dried and calcined. 

Washcoat layer #2. 78.6 g of platinum nitrate containing (30.07 
wt% Pt) was diluted with de-ionized H 2 0, 438.3g of mixed oxide-C was added 
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to the solution and allowed to mix for 1 hr to yield slurry "A". 142.2g 
palladium nitrate (14.27 wt% Pd) was diluted with de-ionized H 2 0 and 1753.1g 
of stabilized alumina was added to the solution and mixed for 30 min to yield 
slurry "B". The two slurries "A" and "B" were combined and then milled to 
5 suitable particle sizes prior to coating onto washcoat #1 coated ceramic 
substrates. Excess slurry was removed by pressurized air or vacuum. The 
coated catalysts were dried and calcined. Rh was then coated on the catalyst 
using a post impregnation method followed by another catalyst calcination. 
Finally, Ba and K were coated onto the calcined catalyst using a solution 
10 containing Ba and K acetate. The catalyst was again dried and calcined. 

Example 8. Cordierite as barrier coating 

Barrier layer: 841. 5g cordierite powder, 420. 7g of theta alumina 
powder, and 226. 2g of Al-20 sol(containing 20.8% AI2O3 solid) were added into 
de-ionized H 2 0 to form a slurry that was milled. The pH of the slurry was 
15 adjusted to 4. 14 with HNO3. The slurry was then applied to the ceramic 
substrate, and the substrate was dried and calcined. 

Washcoat layer #1. 220. 6g of platinum nitrate solution (30.07 
wt% Pt) was diluted with de-ionized H2O prior to adding 1227. lg mixed oxide- 
C and mixing for 1 hr. 6994. 7g of theta alumina was then added. The resulting 
20 slurry was milled and coated onto ceramic substrates. Excess slurry was 

removed by pressurized air or vacuum. The coated catalysts were dried and 
calcined. 

Washcoat layer #2. 78.6 g of platinum nitrate (30.07 wt% Pt) 
was diluted with de-ionized H 2 0. 438.3g of mixed oxide-C was added to the 
25 solution and the solution was mixed for 1 hr to yield slurry "A". 142.2g 

palladium nitrate (14.27 wt% Pd) was diluted with de-ionized H 2 0. 1753. lg of 
stabilized alumina was added to the solution and the solution was mixed for 30 
min to yield slurry "B". The two slurries "A" and "B" were combined, milled, 
and then coated onto ceramic substrates. Excess slurry was removed by 
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pressurized air or vacuum. The coated catalysts were dried and calcined. Rh 
was then coated on the catalyst using a post impregnation method followed by 
another calcination. Finally, Ba and K were coated with a solution containing 
Ba and K acetate of proper concentrations and dried and calcined. 

5 Example 9: No barrier coating (see Figure 8) 

Washcoat layer #1 . 77. 9g of platinum nitrate solution (22.10 
wt% Pt) was diluted with de-ionized H 2 0. Then 318.7g mixed oxide-C was 
added to the solution and the solution was mixed for 1 hr. Then 1 104.7g of 
gamma alumina was added and the resulting slurry was milled. 53 1 .lg of Al-20 
10 sol was add to the slurry prior to coating the slurry onto ceramic substrates. 

Excess slurry was removed by pressurized air or vacuum. The coated catalysts 
were dried and calcined. 

Washcoat layer #2. 68.2 g of platinum nitrate (22.10 wt% Pt) 
was diluted with de-ionized H2O. 295. 9g of mixed oxide-C was added to the 

15 solution and the solution was mixed for 1 hr to yield slurry "A". 64. Og 

palladium nitrate (14.27 wt% Pd) was diluted with de-ionized H2O. 1025.8g of 
stabilized alumina was added to the solution and the solution was mixed for 30 
min to yield slurry "B". The two slurries "A" and "B" were combined and the 
combined slurry was milled prior to adding 493 .2g of Al-20 binder to the slurry. 

20 The final slurry was coated onto ceramic substrates. Excess slurry was removed 
by pressurized air or vacuum. The coated catalysts were dried and calcined. Rh 
was then coated on the catalyst using a post impregnation method followed by 
another calcination. Finally, the catalyst was coated with Ba and K, e.g., a 
solution containing Ba and K acetate, dried and calcined. 

25 Example 10: Cordierite as barrier coating (see Figure 9) 

Barrier layer: 1 88 1 .6g cordierite powder, 470. 4g of theta 
alumina powder, and 678. 5g of Al-20 sol (containing 20.8% solid AI2O3) were 
added into de-ionized H2O, and the solution was milled. The pH of the slurry 
was adjusted to 3.67 with HNO3. The resulting slurry was applied to the 
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ceramic substrate that was then dried and calcined. Washcoat layer- 1. 65.63g 
of platinum nitrate solution (23.42 wt% platinum) was diluted with de-ionized 
H 2 0 and mixed for 1 hr with 284. 5g mixed oxide-C prior to adding 986. 3g of 
stabilized alumina. The resulting slurry was milled before adding 474.2g of Al- 
5 20 sol. Ceramic substrates were then coated with the slurry. Excess slurry was 
removed by pressurized air or vacuum. The coated catalysts were dried and 
calcined. 

Washcoat layer #2. 175.5 g of platinum nitrate containing (23.42 
wt% Pt) was diluted with de-ionized H2O prior to mixing for 1 hr with 760. 9g 

10 of mixed oxide-C to yield slurry "A". 164.6g palladium nitrate (14.27 wt% Pd) 
was diluted with de-ionized H2O prior to mixing for 30 min with 263 7g of 
stabilized alumina to yield slurry "B". The two slurries "A" and "B" were 
combined and milled prior to adding 1 161 .2g of Al-20 binder. The final slurry 
is coated on the coated ceramic substrates. Excess slurry was removed by 

15 pressurized air or vacuum. The coated catalysts were dried and calcined prior to 
Rh coating using a post impregnation method. The catalysts were then again 
calcined. Finally, the catalysts were coated with a solution containing Ba and K 
acetate, dried and calcined. 

The washcoat composition is capable of the effective NOx 
20 storage in lean engine operative conditions for later release and catalysis under 
combustion stoichiometry or rich air-to-fuel exhaust conditions. The present 
washcoat composition advantageously incorporates alkali metal barrier(s). If 
incorporated as a trapping material, these oxide(s) are preferably at or above 
stoichiometrically determined levels, to prevent migration of alkali materials 
25 away from the washcoat and into the supporting substrate. If employed as a 
barrier, sufficient alkali metal barrier(s) to substantially seal the supporting 
substrate from the migrating materials is preferred. 

Figures 6 and 7 demonstrate the effectiveness of the coating in 
preventing alkali material migration into the monolith structure. Figure 6 shows 
30 the migration of alkali materials on a NOx adsorber, into the substrate not using 
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the coating, aged at 900 °C for 16 hours in air and water. Figure 7 shows 
reduced migration of alkali materials on a NOx adsorber, using the barrier 
coating embodiment, following aging at 900 °C for 16 hours in air and water. 
Comparison of Figures 6 and 7 and Figures 8 and 9 reveal that the barrier 
5 coating of Figure 7 and Figure 9 reduces the extent to which mobile alkali 
materials migrate into the substrate. 

These incorporated alkali metal barriers, deposited either in the 
washcoat process or applied as a layer between the washcoat and the substrate, 
lock in the alkali materials within the washcoat and/or block the migration from 

1 0 the washcoat and as a result, prevent weakening of the substrate which makes 
the catalyst sensitive to cracking during high temperature transients. Preferably, 
employment of the alkali metal barrier(s) produces a ceramic supported NO x 
absorber having a durability substantially equivalent to the durability of a 
ceramic supported three-way-catalyst, at a significantly reduced cost relative to 

1 5 the corresponding NO x absorber washcoat supported on a metallic or alternative 
ceramic substrate. 

While preferred embodiments have been shown and described, 
various modifications and substitutions may be made thereto without departing 
from the spirit and scope of the invention. Accordingly, it is to be understood 
20 that the present invention has been described by way of illustration only, and 
such illustrations and embodiments as have been disclosed herein are not to be 
construed as limiting to the claims. 

What we claimed is: 
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